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Introduction

Will focus on:

» Technique the Research Scanning
Polarimeter (RSP) uses to retrieve
Cloud Droplet Number
Concentration (CDNC)

» Comparison with the Cloud
Droplet Probe

* 1% deployment of the North
Atlantic and Marine Ecosystems
Study (NAAMES)
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Aerosol-cloud interactions

* Twomey [1974] recognized the connection
between increasing aerosol particle
number concentration and

(1) decreasing droplet size

(2) increasing cloud droplet number
concentration

(3) increasing cloud reflectance

* Results in changes to the radiative
properties of clouds

* Also impacts cloud evolution,
precipitation, local and global climate

* Clouds have the potential to cause
significant climate feedbacks
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Aerosol-cloud interactions

« Aerosol-cloud interactions, or the first

400 ——— 7 7 T 1 T T
indirect effect, can be partially observed : This Study :
T 350 || —— Gultepe 1996 .
through monitoring CDNC —~ | Martin 1994 Maritime :
* ltisakey parameter that couples surface  § 300 F| 7 B oot Mot 1993 :
aerosol composition and chemistry on § 550 [l ~McFarq & Heyms 2001 ;
the one hand and cloud reflectivity on £ : :
@ 200 [ -
the other s Tt ;
§ 150 - ]
2 X ]
Q. L J
°S100fF L .
Q i . _ ]
L S :

o ) PURT SRR TR TR SN NN TR TR TN (N TN SN SN S N S SN S S S S S

0 100 200 300 400 500

Aerosol Concentration (cm'3)

&2 COLUMBIA UNIVERSITY
IN THE CITY OF NEW YORK Twohy etal.(2005)



Mission Overview

i
°4eroso|s ang Marine gcosY

* North Atlantic Marine Ecosystems Study
(NAAMES)

* 4 aircraft and ship measurement campaigns
over S years

» Each campaign is aligned to a specific
annual event in the plankton cycle

 November 2015 deployment had 5 science
flights
* Goals

» Characterize plankton ecosystem properties
* Determine how marine aerosols and e l
boundary layer clouds are influenced by |
plankton ecosystems in the North Atlantic G ¢ /
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Measurements

Research Scanning Polarimeter

* Prototype for Aerosol Polarimetry Sensor on the Glory
satellite (2011)

* Along track scanning - 152 viewing angles perscene
(£60° )

* 14 mrad field of view (~280 m on ground from 20
km alt.)

* Polarimetricand full intensity measurementsin the
visible and shortwave infrared over 9 bands: 410,
470,555,670,864,960,1593,1880,2263 nm

« Measuresaerosol: OT, R ¢, V¢ refractive index,
single-scattering albedo, morphology

 Measures cloud: OT, R ¢, Vs CTH, thermodynamic
phase, ice asymmetry parameter, CDNC(?)
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Measurements

LARGE’s Cloud Droplet Probe (CDP-2)

» Forward-scattering optical spectrometer
* Particle diameter(2-50 um)
 30size channels

Number concentration (0-2000 particles
per cm3) 20% accuracy

Liquid water content
Effective diameter
Volume median diameter
* Typical sample area: 0.24 mm?
* Airspeedrange 10-250 m/sec
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RSP CDNC Retrieval Method

T

N =
OpxtAZ

1) Cloud Optical Thickness,
2)  Extinction cross-section, o gyt
3)  Cloud Physical Thickness, Az
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RSP CDNC Retrieval Method

T
N= OpxtAZ
0.8
€
1) Cloud Optical Thickness (COT) o I
«  Use reflection function from 2 bands & 46|
to determine cloud optical thickness ;"
 Non-absorbing 864 nm band z |
* Absorbing 2263 nm band 5 04}
« CQTis largely determined from =
reflection in the non-absorbing > |
864 nm band with some dependence 2 02|
on droplet radius y
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RSP CDNC Retrieval Method
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2)  Extinction cross-section |
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« Extinction efficiency, Q,

 Radii use a normal size distribution
described by rs and v g

* 864 nm polarized band gives ry and v
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RSP CDNC Retrieval Method

RSP Size Distribution Retrieval vepTTTTTT T

« Liquid clouds exhibit a strong rainbow feature § 00}
originating from particles near cloud top &

» The rainbow can be seen in polarized @ 005
reflectances with scattering angles between g R=7.5um, A= g650m

N - V= 0.01 .
135° and 165° g —

* The shape of the rainbow is determined by .k
single scattering properties of particles near N o
cloud top, which correspond to a size 0.05 [
distribution :

« We fita model to the observed rainbow 2 %
observations to determine r and v g g
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RSP CDNC Retrieval Method

T
Uex.

3) Cloud Physical Thickness
* Key idea is to relate in-cloud water vapor
absorption to cloud physical thickness
(uinNAZ)
a) In-cloud water vapor, u;y
* Absorbing 960 nm & non-absorbing  Alt.
864 nm bands
b) Above-cloud water vapor, Ugpove
* Absorbing 960 nm & non-absorbing
864 nm polarized bands
¢) Cloudtop
* 1880 nm band >

Water Vapor %

N =
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RSP CDNC Retrieval Method

* We use a multi-angular contrast
approach that uses the concept of
parallax

« Distance from a stationary object is
related to the displacement when
observed from different viewing
angles 4

» Similar to the photogrammetry O
used by MISR, but does notrely on
identifying features

* Accurate knowledge of the
geometry of the instrument and O
position of the aircraft is essential —— n
for stereo reconstruction Time

Aggregation

----- =

i

Viewing Angle
|

SRSRY

v

&2 COLUMBIA UNIVERSITY
IN THE CITY OF NEW YORK

Alexandrovetal.(2012)



RSP CDNC Retrieval Method
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11/23/2015 a | RSP CDNC
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g RS RSP median 2 droplets percm3(n=561)
* LARGE median 7 droplets per cm3(n=1535)
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450 RSP & LARGE CDNC Retrievals
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« Showing median and 10™, 25%, 75% and 90t percentiles
Collocation is done using relatively few LARGE samples
November 12t saw elevated CNDC throughoutthe day
 Remaining 3 days saw low CNDC levels (<22 droplets/cm3)
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RSP median 48 droplets per cm3(n=455)
* LARGE median 78droplets per cm3(n=621)
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« RSP median 7 droplets per cm3(n=105)
* LARGE median 12 droplets per cm3(n=133)
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RSP & LARGE CDNC Retrievals
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High CDNC was measured for the first
half of the 15tleg and the entire 4™ leg

Low CDNC for the 2" and 3leg

LARGE sampled near the low CDNC
sections
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RSP & LARGE CDNC Retrievals
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Good collocation
RSP median 95 droplets per cm3(n=670)
* LARGE median 104 droplets percm3(n=219)
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« Parts of the flightleg had unrealistic cloud thickness
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» Many RSP retrievals(1013), but poor collocation
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NRSP = 1'2NCDP + 72
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Comparison with the Condensation Nucleus Counter
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Summary

1) Showed the basis for determining
CDNC using the RSP

2) Demonstrated that the RSP can
distinguish between various CDNCs

3) RSPresults compared well to the
LARGE CDP

4) Found a positive relationship between
CDNC and aerosol concentrations

Future Work
« Next deployment: May 14% - June 4t
* HSRLretrieval & comparison

 Further relate RSP CDNC to aerosol
concentrations

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK




